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Abstrat
A new analysis of the preise experimental astrophysial S-fators for the diret ap-
ture
3He(α, γ)7Be reation [B.S. Nara Singh et al., Phys.Rev.Lett. 93 (2004) 262503; D.
Bemmerer et al., Phys.Rev.Lett. 97 (2006) 122502; F.Confortola et al., Phys.Rev. C
75 (2007) 065803 and T.A.D.Brown et al., Phys.Rev. C 76 (2007) 055801℄ populating
to the ground and rst exited states of
7Be is arried out based on the modied two -
body potential approah in whih the diret astrophysial S-fator, S34(E), is expressed
in terms of the asymptoti normalization onstants for
3He+α→7 Be and two additional
onditions are involved to verify the peripheral harater of the reation under onsid-
eration. The WoodsSaxon potential form is used for the bound (α +3 He)- state and
the
3Heα- sattering wave funtions. New estimates are obtained for the ”indiretly mea-
sured“ values of the asymptoti normalization onstants (the nulear vertex onstants) for
3He+α→7 Be(g.s.) and 3He+α→7 Be(0.429MeV ) as well as the astrophysial S-fators
S34(E) at E≤ 90 keV, inluding E=0. The values of asymptoti normalization onstants
have been used for getting information about the α-partile spetrosopi fators for the
mirror (
7Li7Be)-pair.
PACS: 25.40.Lw;26.35.+
1 Introdution
The
3He(α, γ)7Be reation is one of the ritial links in the 7Be and 8B branhes of the
pphain of solar hydrogen burning [13℄. The total apture rate determined by proesses of
∗
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this hain is sensitive to the ross setion σ34(E) (or the astrophysial S-fator S34(E) ) for the
3He(α, γ)7Be reation and predited neutrino rate varies as [S34(0)]
0.8
[2, 3℄.
Despite the impressive improvements in our understanding of the
3He(α, γ)7Be reation
made in the past deades (see Refs [410℄ and referenes therein), however, some ambiguities
onneted with both the extrapolation of the measured ross setions for the aforesaid reation
to the solar energy region and the theoretial preditions for σ34(E) (or S34(E)) still exist and
they may inuene the preditions of the standard solar model [2, 3℄ .
Experimentally, there are two types of data for the
3He(α, γ)7Be reation at extremely
low energies: i) six measurements based on deteting of γ-rays apture (see [4℄ and refer-
enes therein) from whih the astrophysial S-fator S34(0) extrated by the authors of those
works hanges within the range 0.47≤ S34(0) ≤0.58 keV b, whih yield a weighted mean of
S34(0)=0.507± 0.016 keV b [4℄, and ii) ve measurements based on deteting of 7Be ( see
[4℄ referenes therein as well as [6-10℄) from whih S34(0) extrated by the authors of these
works hanges within the range 0.53≤ S34 ≤0.63 keV b , whih yield weighted means of
S34(0)=0.572± 0.026 keV b [4℄, S34(0)=0.53 keV b [6℄, S34(0)=0.547± 0.017 keV b [7, 8℄,
and S34(0)=0.560± 0.017 keV b [9℄ and S34(0) =0.595± 0.018 and 0.596± 0.021 keV b [10℄.
All of these measured data have a similar energy dependene for the astrophysial S-fators
S34(E) but the extrapolation of eah of the measured data from the observed energy ranges to
low experimentally inaessible energy regions, inluding E=0, gives a value of S34(0) with an
unertainty exeeding notieably the experimental one. The reent aforesaid values of S34(0)
reommended in Refs.[6-9℄ and [10℄ have nevertheless been obtained from the analysis of the
preisely measured data for Sexp34 (E) by means of the artiial renormalization of the energy
dependene of the R-matrix alulation [11℄ and of the resonating-group method alulation
[12℄ for S34(E) to the orresponding experimental data, respetively.
The theoretial alulations of S34(0) performed within dierent methods also show onsid-
erable spread [11-14℄. The aforesaid resonating-group method alulations of S34(0) performed
in Ref.[12℄ show onsiderable sensitivity to the form of the eetive NN interation used and
the estimates have been obtained within the range of 0.312≤ S34(0) ≤ 0.841 keV b. Calu-
lations performed in mirosopi single-hannel ((α +3 He)) and two-hannel ((3He + α) and
(p+6 Li)) luster models gave the values of S34(0)= 0.56 keV b [13℄( S34(0)= 0.52 keV b [14℄)
and of S34(0)=0.83 keV b [14℄, respetively, that is, the estimate of the value of the S34(0)
strongly hanges when the model spae is expanded. The alulations performed by the au-
thors of Refs.[15℄ and [16℄ in the two-body potential model with dierent forms of the two-body
potential gave the values of S34(0)=0.516 and about of 0.5 keV b, respetively, although dif-
ferent values of 1.174 in [15℄ and 1.0 in [16℄ have been used for the spetrosopi fator for
the (α +3 He)-onguration in 7Be. Calulations performed in the variational Monte-Carlo
tehnique (VMCT) with seven-partile wave funtions derived from realisti NN interation
gave S34(0) ≈ 0.40 keV b [17℄. But, as it was emphasized in paper [17℄, serious problems
our with the normalization for the alulated astrophysial S-fator S(E) in respet to the
experimental data. The estimation of S34(0)=0.52± 0.03 keV b [18℄ also should be noted.
The latter has been obtained within the framework of the asymptoti method developed in
[19, 20℄ based on the idea proposed in paper [21℄. This idea is based on the assumption about
the fat that low-energy diret radiative aptures in light nulei (A(a, γ)B) proeed mainly in
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regions well outside the range of the internulear interations. But in Ref. [18℄ the ontri-
bution from the nulear interior (r < 4 fm) to the amplitude was assumed to be negligibly
small. In this assumption from the analysis of the experimental astrophysial S-fators for the
diret apture
3He(α, γ)7Be(g.s.) and 3He(α, γ)7Be(0.429 MeV) reations in the energy range
180. E . 500 keV [22℄ the values of the nulear vertex onstants (NVC) for the virtual de-
ays
7Be(g.s.) → α +3 He and 7Be(0.429MeV ) → α +3 He [23℄ (or the respetive asymptoti
normalization oeients (ANC) for
3He + α →7 Be(g.s.) and 3He + α →7 Be(0.429 MeV))
obtained were then used for alulations of the astrophysial S-fators for the same reations
at E <180 keV, inluding E=0. However, the experimental astrophysial S-fators for the di-
ret apture
3He(α, γ)7Be reations [22℄ used in [18℄ for the analysis have onsiderable spread.
Consequently, the values of the ANC's
3He+α→7 Be and the S34(0) obtained in [18℄ may not
be enough aurate. Therefore, determination of preise experimental values of the ANC's for
3He + α →7 Be(g.s.) and 3He + α →7 Be(0.429 MeV) is highly desirable sine it has diret
eets in the orret extrapolation of the
3He(α, γ)7Be astrophysial S-fator at solar energies
[21, 24℄.
In this work new analysis of the highly preise experimental astrophysial S-fators for the
diret apture
3He(α, γ)7Be reation at extremely low energies (& 90 keV) [6-10℄ is performed
within the modied two - body potential approah [24℄ to obtain ”indiretly measured“ values
both of the ANC's (the NVC's) for
3He + α →7 Be(g.s.) and 3He + α →7 Be(0.429), and of
S34(E) at E ≤ 90 keV, inluding E=0. In the present work we show that one an extrat ANC's
for
3He+α→7 Be diretly from the 3He(α, γ)7Be reation where the ambiguities inherent for the
standard two -body potential model alulation of the
3He(α, γ)7Be reation being onneted
with the hoie of the geometri parameters (the radius ro and the diuseness a) for the Woods
Saxon potential and the spetrosopi fators, an be redued in the physially aeptable limit,
being within the experimental errors for the S34(E).
The ontents of this paper are as follows. In Setion 2 basi formulae of the modied two-
body potential approah to the diret radiative apture
3He(α, γ)7Be reation are given. There
the analysis of the preise measured astrophysial S-fators for the diret radiative apture
3He(α, γ)7Be reation is performed (Subsetions 2.22.4). The onlusion is given in Setion 3.
2 Analysis of
3He(α, γ)7Be reation
2.1 Basi formulae
Here we give the formulae speialized for the
3He(α, γ)7Be astrophysial S-fator. Let us
write lf (jf ) for the relative orbital (total) angular moment of
3He and α-partile in nuleus
7Be(α+3He), li (ji) for the orbital (total) angular moment of the relative motion of the olliding
partiles in the initial state, λ for multipole order of the eletromagneti transition, ηf(ηi) for
the Coulomb parameter for the
7Be(= α +3 He) bound (3Heα-sattering) state and µ for the
redued mass of the (
3Heα)-pair. For the 3He(α, γ)7Be reation populating the ground and
rst exited (E∗=0.429 MeV; Jpi=1/2−) states of 7Be, the values of jf are taken to be equal
to 3/2 and 1/2, respetively, the value of lf is taken to be equal to 1 as well as li=0, 2 for the
E1-transition and li=1 for the E2-transition.
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Aording to [25, 24℄, for xed lf and jf we an write the astrophysial S -fator, Slf jf (E),
in the following form
Slf jf (E) = C
2
lf jf
Rlf jf (E,C(sp)lf jf ). (1)
Here, Clf jf is the ANC for
3He + α →7 Be, whih determines the amplitude of the tail of
the
7Be nuleus bound state wave funtion in the (α +3 He)-hannel and is related to the
NVC Glf jf for the virtual deay
7Be → α +3 He and to the spetrosopi fator Zlf jf for the
(
3He + α)-onguration with the quantum numbers lf and jf in the
7Be nuleus as [23℄
Glf jf = −ilf+ηf
√
pi
µ
Clf jf (2)
and
Clf jf = Z
1/2
lf jf
C
(sp)
lf jf
, (3)
respetively, and
Rlf jf (E,C(sp)lf jf ) =
S˜lf jf (E)
(C
(sp)
lf jf
)2
, (4)
where S˜lf jf (E) =
∑
λ S˜lf jfλ(E) is the single-partile astrophysial S-fator [5℄ and C
(sp)
lf jf
is the
single-partile ANC, whih determines the amplitude of the tail of the single-partile wave
funtion of the bound
7Be(α +3 He) state. In (2) the fator taking into aount the nuleon's
identity [23℄ is absorbed in the Clf jf . The single-partile bound state wave funtion, ϕlf jf (r),
is determined by the solution of the radial Shrodinger equation with the phenomenologial
WoodsSaxon potential for the given quantum numbers n (n is the nodes of ϕlf jf (r)), lf and
jf as well as geometri parameters of ro and a, and with depth adjusted to t the binding
energy of the
7Be bound state with respet to the (α +3 He)-hannel. Note that in Eq.(4) the
dependene of the funtion Rlf jf (E,C(sp)lf jf ) on the free parameter C
(sp)
lf jf
also enters through the
single-partile wave funtion ϕlf jf (r;C
(sp)
lf jf
)(≡ ϕlf jf (r)) [26℄, and the single-partile ANC C(sp)lf jf
in turn is itself a funtion of the geometri parameters of ro and a, i.e., C
(sp)
lf jf
= C
(sp)
lf jf
(r0, a).
Aording to [24℄, the peripheral harater for the diret apture
3He(α, γ)7Be reation is
onditioned by
Rlf jf (E,C(sp)lf jf ) = f(E) (5)
as a funtion of the C
(sp)
lf jf
within the energy range Emin ≤ E ≤ Emax, where the left hand side
(l.h.s.) of Eq.(5) must not depend on C
(sp)
lf jf
for eah xed E from the aforesaid energy range,
and by
C2lf jf =
Slf jf (E)
Rlf jf (E,C(sp)lf jf )
= const (6)
for eah xed E and the funtion of Rlf jf (E,C(sp)lf jf ) from (5).
As it was previously shown in [24℄ and [27℄ for the diret apture t(α, γ)7Li and 7Be(p, γ)8B
reations, respetively, fulllment of the onditions (5) and (6) enables one also to obtain
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valuable information about the experimental (”indiretly measured“ ) value of the ANC (C
exp
lf jf
)2
for
3He+α→7 Be by using Sexplf jf (E) instead of Slf jf (E) in the right hand side (r.h.s.) of Eq.(6):
(Cexplf jf )
2 =
Sexplf jf (E)
Rlf jf (E,C(sp)lf jf )
. (7)
Then the value of the ANC, (Cexplf jf )
2
, obtained from Eq.(7) together with the ondition (5) an
be used for alulation of Slf jf (E) at energies of E < Emin by using the following expression:
Slf jf (E) = (C
exp
lf jf
)2Rlf jf (E,C(sp)lf jf ). (8)
Note that the total astrophysial S-fator for the 3He(α, γ)7Be(g.s.+0.429MeV) reation is
given by
S34(E) =
∑
jf=1/2,3/2
Slf jf (E) = C
2
1 1/2R1 1/2(E,C(sp)1 1/2) + C21 3/2R1 3/2(E,C(sp)1 3/2) (9)
= C21 3/2R1 3/2(E,C(sp)1 3/2)[1 +R(E)] (10)
= C21 1/2R1 1/2(E,C(sp)1 1/2)[1 +R−1(E)] (11)
= C21 3/2[R1 3/2(E,C(sp)1 3/2) + λCR1 1/2(E,C(sp)1 1/2)], (12)
where R(E) = S1 1/2(E)/S1 3/2(E) = C
2
1 1/2R1 1/2(E,C(sp)1 1/2)/C21 3/2R1 3/2(E,C(sp)1 3/2) is a branh-
ing ratio and λC = (C1 1/2/C1 3/2)
2
.
Values obtained in suh a way for the (Cexplf jf )
2
and Slf jf (E) at energies of E < Emin an
be onsidered as an ”indiret measurement“ of the ANC (or NVC) for
3He + α →7 Be and of
the astrophysial S-fator for the diret apture 3He(α, γ)7Be reation at E < Emin, inluding
E = 0. It should be noted that the expressions (1) and (4)(12) allow one to determine both
the absolute value of ANC (or NVC) for
3He+ α→7 Be and that of the astrophysial S-fator
Slf jf (E) for the peripheral diret apture
3He(α, γ)7Be reations at extremely low experimen-
tally inaessible energy regions by means of the analysis of the same preisely measured values
of the experimental astrophysial S-fators, Sexplf jf (E) and S
exp
34 (E).
2.2 The asymptoti normalization oeients for
3He + α→7 Be
To determine the ANC values for the
3He+α→7 Be(g.s) and 3He+α→7 Be(0.429 MeV)
the experimental astrophysial S-fators, Sexplf jf (E), for the
3He(α, γ)7Be reation populating
the ground (lf = 1 and jf=3/2) and rst exited (E
∗
=0.429 MeV ; Jpi = 1/2−, lf = 1 and
jf=1/2) states are reanalyzed based on the relation (1), the onditions (5) and (6), and the
relations (7) and (8). As it was mentioned above, the experimental data have been obtained
by dierent authors, whih have onsiderable spread with experimental unertainty being more
than 10%. Reently, S.B. Nara Singh et al. [6℄, D. Bemmerer et al. [7℄, Gy. Gyuky et al.
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[8℄, F. Confortola et al. [9℄ and T.A.D. Brown et al. [10℄ have apparently performed the most
aurate diret measurement of the total astrophysial S-fator for the 3He(α, γ)7Be reation,
overing the energy ranges E=92.9168.9 keV [79℄, 420951 keV [6℄ and 3271235 keV [10℄
with absolute unertainty not exeeding 5%. However, one should note that the experimental
astrophysial S-fators for the the 3He(α, γ)7Be reation populating to the rst and exited
states of the residual nuleus have been separated only for the energies of E=92.9, 105.6 and
147.7 keV in [9℄ and for all experimental points of E from the aforesaid energy region in [10℄.
Whereas, in [10℄ the experimental astrophysial S-fators were measured by using two dierent
experimental approahes:the detetion of the delayed γ ray from 7Be (the ativation) and the
measurement of the prompt γ emission (the prompt). So, in our analysis we naturally use
Sexp34 (E) most reently independently measured in Refs.[69℄ and [10℄, sine the reation under
onsideration is nonresonant and, onsequently, proeeds mainly in regions well outside the
internulear interation range [21℄.
The WoodsSaxon potential split with a parity (l - dependene) for the spin-orbital term
proposed by the authors of Refs. [2830℄ is used here for the alulations of both bound state
radial wave funtion ϕlf jf (r) and sattering wave funtion ψliji(r). It should be emphasized
that the hoie of this potential is based on the following onsiderations. Firstly, this potential
form is justied from the mirosopi point of view beause it makes it possible to take into
aount the Pauli priniple between nuleons in
3He- and α-lusters in the (α+3He) bound state
by means of inlusion of deeply bound states forbidden by the Pauli exlusion priniple, i.e.
without an expliit introdution of a repulsive ore at small distane. The latter imitates the
additional node (n) arising in the wave funtions of α−3 He relative motion in 7Be. Seondly,
this potential desribes well the phase shifts for
3Heα-sattering in the wide energy range
[29, 30℄.
The test of the peripheral harater of the
3He(α, γ)7Be reation for the aforesaid energy
range has been made by means of verifying the onditions (5) and (6), and by hanging the
geometri parameters (radius ro and diuseness a) of the adopted WoodsSaxon potential using
the proedure of the depth adjusted to t the binding energies , as it was done in Ref. [24℄.
Aording to Ref. [24℄, we vary ro and a in the physially aeptable ranges (ro in 1.621.98 fm
and a in 0.630.77 fm) in respet to the standard values (ro=1.80 fm and a=0.70 fm [29, 30℄).
Suh a hoie of the ro and a parameters variation limit allows us to provide fulllment of
the onditions (5) and (6) in the aforesaid energy range within the experimental errors for the
Sexplf jf (E).
As an illustration, Fig.1 shows plots of the Rlf jf (E,C(sp)lf jf ) dependene on the single-partile
ANC, C
(sp)
lf jf
for lf= 1 and jf=3/2 and 1/2 only for the two values of energy E. The width of the
band for these urves is the result of the weak ”residual“ (ro, a)-dependene of theRlf jf (E,C(sp)lf jf )
on the parameters ro and a (up to ±2%) for the C(sp)lf jf = C
(sp)
lf jf
(ro, a) = const [26, 24℄. The
same dependene is also observed at other energies. It is seen that for the alulated values
of Rlf jf (E,C(sp)lf jf ) the dependene on the C
(sp)
lf jf
values is rather weak (no more than ± 5.0%
) in the interval of 3.205 ≤ C(sp)13/2 ≤ 4.397 fm−1/2 (2.788 ≤ C(sp)11/2 ≤ 3.763 fm−1/2) for the
3He(α, γ)7Be(g.s.) (3He(α, γ)7Be(0.429 MeV)) reation, whih orresponds to the parameters
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Figure 1: The dependene of Rlf jf (E,C(sp)lf jf ) as a funtion of the single-partile ANC, C
(sp)
lf jf
,
for the
3He(α, γ)7Be(g.s.) ((lf , jf )=(1,3/2)) and
3He(α, γ)7Be(0.429 MeV ((lf , jf)=(1,1/2))
reations at dierent energies E.
of the adopted WoodsSaxon potential ro ranging from 1.621.98 fm and a in the range of
0.630.77 fm. It follows from here that the ondition (5) is satised for the onsidered reation
within the unertainties not exeeding the experimental errors of Sexplf jf (E).
We also alulated the
3Heα-elasti sattering phase shifts by variation of the parameters
ro and a in the same range for the adopted WoodsSaxon potential. The results of the alu-
lations orresponding to s- and p-waves are presented in Fig.2 in whih the width of the bands
orresponds to a hange of phase shifts values with respet to variation of values of the ro and
a parameters. As it is seen from Fig.2, the experimental phase shifts [31℄ are well reprodued
within unertainty of about ± 5%.
This irumstane allows us to test the ondition (6), whih is no less essential for the
peripheral harater of these reations, at the energies of E= 92.9, 105.6 and 147.7 keV for whih
the
3He(α, γ)7Be(g.s.) and 3He(α, γ)7Be(0.429 MeV) astrophysial S-fators were separately
measured in [9℄. As an illustration, for the same energies E as in Fig.1 we present in Fig.3
(the upper panels) the results of C2lf jf -value alulation given by Eq.(6) ((lf jf)=(1 3/2) and
(1 1/2) ) in whih instead of the Slf jf (E) the experimental S- fators for the
3He(α, γ)7Be
reation populating the ground and rst exited states of
7Be were taken. It is also noted
that the same dependene ours for other onsidered energies. It is seen from this gure
that the obtained C2lf jf values also weakly depend on the C
(sp)
lf jf
-value. However, the values
of the spetrosopi fators Z1 3/2 and Z1 1/2 orresponding to the (α +
3 He)-onguration for
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Figure 2: The energy dependene of the
3Heα-elasti sattering phase shifts for dierent partial
waves. The experimental data are from [31℄. The bands are our alulated data. The width
of the bands for xed energies orresponds to the variation of the parameters ro and a of the
adopted WoodsSaxon potential within the intervals of ro=1.62 to 1.98 fm and a=0.63 to 0.77
fm.
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7Be(g.s.) and 7Be(0.429keV ), respetively, hange strongly (see, the lower panels in Fig.3). The
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Figure 3: The dependene of the ANC's Clf jf (upper band) and the spetrosopi fators
Zlf jf (lower band) on the single-partile ANC C
(sp)
lf jf
for the
3He(α, γ)7Be(g.s.) (the left
olumn,(lf , jf)=(1,3/2)) and
3He(α, γ)7Be(0.429 MeV) (the right olumn, (lf , jf )=(1,1/2)) re-
ations at dierent energies E.
alulation shows that the unertainty in Rlf jf (E,C(sp)lf jf ) and C2lf jf is up to ±5.0% relative to
the entral values of Rlf jf (E,C(sp)lf jf ) and C2lf jf , obtained for the standard values of ro = 1.80
fm and a = 0.60 fm, for the (ro, a)-pair varying in the above mentioned intervals for ro and
a, while the unertainty in the Zlf jf is about ±30%. It should be noted that the unertainty
in the C2lf jf values beomes even less when in (6) one uses the experimental astrophysial S-
fators orresponding to smaller energies. Thus, the peripheral harater of the reations under
onsideration allows one to determine the C21 3/2 and C
2
1 1/2 values for the α+
3 He→7 Be(g.s.)
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and α+3He→7 Be(0.429 keV), respetively, with a maximal unertainty of about ± 5.0% when
the geometri parameters ro and a are varied within the aforesaid ranges and the experimental
data are used at the aforesaid three energies in the analysis.
For dierent energies E we also estimate a relative ontribution of the nulear interior
(r < rN ) to the astrophysial S-fators for the
3He(α, γ)7Be reation populating the ground
and rst exited states in dependene on the variation C
(sp)
lf jf
(or ro and a) introduing the
uto radius rcut (rcut ≈ rN) in the lower limit of integration of the radial integral (10) of
Ref.[24℄ entering in the amplitude of the reation under onsideration . With this aim one
onsiders the ratio ∆(E,C
(sp)
lf jf
; rcut) =| Rlf jf (E,C(sp)lf jf ) − R˜lf jf (E,C
(sp)
lf jf
; rcut) | /Rlf jf (E,C(sp)lf jf ),
where R˜lf jf (E,C(sp)lf jf ; rcut) is given by Eqs.(10) and (13) of Ref.[24℄ but in the radial inte-
gral (10) of Ref.[24℄ the integration over r is performed in the interval rcut ≤ r ≤ ∞, i.e.
R˜lf jf (E,C(sp)lf jf ; 0) = Rlf jf (E,C
(sp)
lf jf
). The Rlf jf (E,C(sp)lf jf ) and R˜lf jf (E,C
(sp)
lf jf
; rcut) funtions were
alulated for dierent values of the single-partile ANC C
(sp)
lf jf
( or the parameters ro and a). A
value of the uto radius is taken as in Ref. [32℄, that is rcut = r
o
αt = 1.36(4
1/3+31/3)=4.12 fm,
as well as rcut=4.00 fm and 4.25 fm. The alulation of ∆(E,C
(sp)
lf jf
; rcut) performed at dierent
energies shows that the quantities of ∆(E,C
(sp)
lf jf
; rcut) hange from 5.4% up to 15.5% under
variation of C
(sp)
lf jf
and rcut. The alulation shows that the ontribution of the nulear interior
(r < rN) to the astrophysial S-fators alulated for dierent sets of geometri parameters ro
and a of the WoodsSaxon potential, and values of rcut does not exeed about 15.5% and this
small quantity is due mainly to osillations observed in the integrand of the radial integral (10)
of Ref.[24℄. As an illustration of this fat, in Fig.4 we show a dependene of the integrand of the
radial integral (10) of Ref.[24℄ on geometri parameters ro and a of the WoodsSaxon potential
and values of rcut for the
3He(α, γ)7Be(g.s.) reation at dierent energies. As one an see from
Fig.4 the integrand of the radial integral hanges with the variation of the geometri parame-
ters ro and a, whih is assoiated with hanges of the alulated bound (α +
3 He) state wave
funtion and the alulated
3Heα-sattering wave funtion, and these wave funtions indeed
reahed simultaneously their asymptoti form for r & 5.0 fm. Suh a hange leads to alulated
S˜lf jf (E) that vary by 1.75 times over the energy region 92.9≤ E ≤ 1200 keV, while the alu-
lated values of the funtion Rlf jf (E,C(sp)lf jf ) hange by only ±5% with respet to the value of
Rlf jf (E,C(sp)lf jf ) orresponding to the standard values of ro=1.80 fm and a=0.70 fm. Besides, it
is seen from Fig.4 that the behavior of the integrand in the radial integral (10) of Ref.[24℄ over
a wide energy range provides a strong suppression of the ontribution only from the part of the
nulear interior with 0 ≤ r . 2.0 fm to the integral (10) of Ref.[24℄. But a notieable hange of
the integrand of the aforesaid integral is observed with the variation of the parameters ro and
a in the range 2.0 . r . 6.0 fm. The similar situation ours for the 3He(α, γ)7Be(0.429 MeV)
reation. Therefore, the hoie of the uto radius rcut beomes ambiguous sine a tted value
of rcut also beomes dependent on the parameters ro and a. In this onnetion one would like to
note the following. In paper [18℄ the alulation of the astrophysial S-fators for the reations
under onsideration has been arried out using the expression (1) but introduing the uto
radius rcut in the lower limit of integration in the radial integral (10) of Ref.[24℄ and replaing
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Figure 4: The integrand of the radial integral (10) of Ref.[24℄ for the
3He(α, γ)7Be(g.s.) reation
at energies E=0.1056 and 0.506 and 0.951 MeV for dierent sets of (ro; a)-pairs:(1.62 fm;0.63
fm) (dashed line), (1.80 fm;0.70 fm) (solid line) and (1.98 fm;0.77 fm) (dotted line).
the bound state wave funtion ϕlf jf (r) with its asymptoti form starting from r = rcut. At
this the best tting of the alulated Slf jf (E)) to the experimental ones [22℄ was reahed when
the uto radius was rcut=4.0 fm. It is seen from here that in paper [18℄ the ontribution of
the nulear interior to the alulated astrophysial S-fators was indeed underestimated1, sine
ontribution of the nulear interior 0 < r ≤ 4.0 fm to the alulated astrophysial S-fators,
whih is up to about 14%, has not been taken into aount. Here, rstly, the ontribution of
the nulear interior (r ≤ rN) to the alulated astrophysial S-fators is taken into aount
in a orret way by means of the appropriate hoie of the adopted potential both for the
initial state and for nal state of the reations under onsideration. Seondly, the problem
of the ambiguity onneted with the strong (ro, a)-dependene of the alulated astrophysial
S-fators is removed by inlusion of the information about ANC (or NVC). The latter redues
this ambiguity to minimum. At last, in the present work the more preise experimental data
for the
3He(α, γ)7Be astrophysial S-fators [610℄ than those in [18℄ are used for the analysis.
Thus the srupulous analysis performed here quantitatively shows that the
3He(α, γ)7Be
reation within the onsidered energy ranges is peripheral.
For eah energy E experimental point (E=92.9, 105.6 and 147.7 keV) the values of the
ANC's are obtained for the α+3 He→7 Be(g.s.) and α+3 He→7 Be(0.429 MeV) by using the
orresponding experimental astrophysial S-fator (Sexp1 3/2(E) and S
exp
1 1/2(E), (the ativation))
1
It should be noted that there is a misprint in the line 36 upper of setion 3 of [18℄. There the phrase "no
more than 1% to" must be written as "no more than 10% to".
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[9℄ in the ratio of the r.h.s. of the relation (6) instead of the Slf jf (E) and the entral values of
Rlf jf (E,C(sp)lf jf ) orresponding to the adopted values of the parameters r0 and a. The results of
the ANC's, (Cexp1 3/2)
2
and (Cexp1 1/2)
2
for these three energy E experimental points are displayed
in Figs.5a and 6a (lled irle symbols), and the seond and third olumns of Table 1. The
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Figure 5: The values of the ANC's, C21 3/2, for the α +
3 He →7 Be(g.s.) for eah energy E
experimental point. The opened triangle and diamond symbols (lled star and square symbols)
are data obtained by using the total (separated) experimental astrophysial S-fators from
[6℄ and [79℄ (a)( from [10℄, the ativation (b) and the prompt (c)), respetively, while lled
irle symbols are data obtained from the separated experimental astrophysial S-fators from
Refs.[79℄. The symbols in (d) are data obtained from all experimental astrophysial S-fators.
The solid lines present our results for the weighted means. Everywhere the width of eah of
the band is the weighted unertainty.
unertainties pointed in this gure orrespond to those found from (6) (averaged square errors
(a.s.e.)), whih inlude the total experimental errors in the orresponding experimental astro-
physial S-fator and the aforesaid unertainty in the Rlf jf (E,C(sp)lf jf ). One should note that
12
the same results for the ANC's, C21 3/2 and C
2
1 1/2, (the opened symbols in Figs.5a and 6a) are
obtained when Sexp34 (E) (or S
exp
34 (E) and R
exp(E)) [7, 9℄ are used in Eq.(9) (or in Eq.(10) and
(11)) instead of S34(E) (S34(E) and R(E)). Then in Eq.(12), inserting the weighted means of
0,0 0,2 0,4 0,6 0,8 1,0 1,2
0
4
8
12
16
20
24
28
a
  
 
 
0,0 0,2 0,4 0,6 0,8 1,0 1,2
0
4
8
12
16
20
24
28
b
  
 
0,0 0,2 0,4 0,6 0,8 1,0 1,2
0
4
8
12
16
20
24
28
c
 
 
 
0,0 0,2 0,4 0,6 0,8 1,0 1,2
0
4
8
12
16
20
24
28
d
C
2 1 
1/
2(f
m
-1
)  
  
 
E(MeV)
Figure 6: The same as Fig.5 for the α +3 He→7 Be(0.429 MeV).
λC (λC=0.666), obtained from the three data (the lled irle symbols) plotted in Figs.5a and
6a, and replaing of the S34(E) in the l.h.s. of Eq.(12) with S
exp
34 (E) for the others, the two ex-
perimental points of energy E (E=126.5 and 168.9 keV) from [7℄, four one E (E=420.0, 506.0,
615.0 and 951.0 keV) from [6℄ and the three one E (E=93.3, 106.1 and 170.1 keV) from [9℄ an
also determine values of ANC's, C21 3/2 and C
2
1 1/2. The results of the ANC's are also displayed in
Figs.5a and 6a (the opened diamond and triangle symbols) and the seond and third olumns
of Table 1. The same way the values of the ANC's (C21 3/2 and C
2
1 1/2) are obtained by using the
separated experimental astrophysial S-fators (Sexp1 3/2 and S
exp
1 1/2) [10℄ obtained by using the
experimental astrophysial S-fators (the ativation (b) and the prompt (c)). The results for
ANC's are presented in Figs.5b (the ativation) and 5 (the prompt) as well as Figs.6b and 6.
The weighted means of the ANCvalues and their unertainties, dedued separately from eah
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experimental data, are displayed by the solid lines and the band widths, respetively, in these
gures and also presented in the seond and fourth olumns of Table 2. The orresponding
NVC-values are also presented in the third and fth olumns of Table 2. Besides, in Figs.5d
and 6d (the solid line) as well as the seond and third olumns of Table 2, the weighted means
of the ANCvalues derived from all of the experimental points of Figs.5 (a, b and ) and Figs.6
(a, b and ) are also presented. As it is also seen from Figs.5 and 6 (the seond and third (the
seond and fourth ) olumns of Table 1 (Table 2)) the values of the ANC's, obtained from the
analysis of the experimental astrophysial S-fators measured by the authors of Refs.[610℄ in
dierent intervals of energy E, agree rather well with eah other within about 12%. Also, it is
seen from here that the ratio in the r.h.s. of the relation (7) does not pratially depend on the
energy E, although absolute values of the orresponding experimental astrophysial S-fators
for the reations under onsideration depend notieably on the energy and hange by up to
about 1.7 times when E hanges from 92.6 keV to 1200 keV.
This fat allows us to onlude that the energy dependene of the experimental astro-
physial S-fators [610℄ is well determined by the alulated funtion Rlf jf (E,C(sp)lf jf ) and
R13/2(E,C(sp)13/2) + λCR11/2(E,C(sp)11/2). Hene, the orresponding experimental astrophysial S-
fators an be used as an independent soure of reliable information about the ANC's for the
α +3 He→7 Be(g.s.) and α +3 He→7 Be(0.429 MeV).
The weighted means of the ANC-values reommended by us for
3He + α →7 Be(g.s.) and
3He + α →7 Be(0.429 MeV), obtained from all of the experimental data presented in Figs.5d
and 6d, are equal to (Cexp1 3/2)
2
=23.19± 1.37 fm−1 and (Cexp1 1/2)2=15.73± 1.02 fm−1 (Cexp1 3/2=4.82±
0.14 fm
−1/2
and Cexp1 1/2=3.97± 0.13 fm−1/2). One should note that the values of C1 3/2 and C1 1/2
should not be equal, in ontrast with the assumption made in Ref.[11℄. The orresponding values
of the NVC's are | G1 3/2 |2= 1.11± 0.07 fm and | G1 1/2 |2= 0.75± 0.05 fm. As noted earlier in
paper [18℄, the values ANC's (NVC's) C21 3/2=18.19 fm
−1
and C21 1/2=15.02 fm
−1
( | G1 3/2 |2=
0.86 fm and | G1 1/2 |2= 0.71 fm) were obtained from the experimental data analysis [22℄.
But we mentioned above, in paper [18℄, rstly, the ontribution of the nulear interior (r <
4.0 fm) to the alulated astrophysial S-fators was not inluded and, seondly, the values of
ANC's were obtained from the analysis of the experimental data [22℄, whih has onsiderable
spread. It is seen that taking into aount the ontribution of the nulear interior and use the
experimental data more aurate than those in Ref.[18℄ one an strongly inuene the extrated
values of the ANC's for
3He + α →7 Be(g.s.) and 3He + α → 7Be(0.429 MeV). A omparison
of the present result and that obtained in paper [18℄ shows that the underestimation of the
ontribution both of the nulear interior and of the nulear exterior indeed ours in [18℄ sine
the present value of ANC C21 3/2 obtained from the analysis of the more aurate experimental
astrophysial S-fator [6-10℄ is larger than that obtained in [18℄.
The resulting ANC (NVC) values obtained by us are in good agreement with the values
C21 3/2=20.52 fm
−1
and C21 1/2=15.23 fm
−1
(|G1 3/2|2= 0.97 fm and |G1 1/2|2= 0.72 fm) [33, 18℄.
However, the results reommended by us for these ANC's dier notieably from the values
C21 3/2=12.60± 1.07 fm−1 and C21 1/2 = 8.41±0.58 fm−1(C1 3/2=3.55± 0.15 fm−1/2, C1 1/2=2.90±
0.10 fm
−1/2
, |G1 3/2|2=0.60± 0.05 fm and |G1 1/2|2=0.40± 0.03 fm) [17℄ as well as those C21 3/2 =
C21 1/2=12.36 fm
−1
(C1 3/2 = C1 1/2=3.79 fm
−1/2
and |G1 3/2|2 = |G1 1/2|2=0.68 fm) [11℄. In this
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onnetion one would like to draw attention to the following. The bound state wave funtions
and the initial state wave funtions in [17℄ were omputed with dierent potentials and, so,
these alulations were not self-onsistent. Besides, the values of the binding energies for the
bound states of
7Be alulated in Ref.[17℄ dier from the experimental ones. Therefore, the
alulated value of the binding energy for the bound state of
7Be(g.s.) in the (α+3He)-hannel
(4.73 MeV, see Table I in Ref.[17℄) is also not in agreement with the experimental one (1.59
MeV) . Sine the ANC's (or NVC's) for
3He + α →7 Be are sensitive to the form of the NN
potential [12℄, it is desirable, rstly, to alulate the wave funtions of the bound state using
other forms of the NN potential, and, seondly, in order to guarantee the self-onsisteny,
the same forms of the NN potential should be used for suh alulation of the initial wave
funtions. Besides, one would also like to note the reent result of Ref.[11℄ obtained for C1 3/2
and C1 1/2 from the analysis of the experimental
3He(α, γ)7Be astrophysial S-fators performed
within the R-matrix method, where the ontribution from the internal part of the amplitude
was simulated by the bakground for a single pole. But there to redue the number of free
parameters the assumption about equality of the ANC's (C1 3/2 = C1 1/2) was used, and the
best tting of the data was reahed at C1 3/2=3.79 fm
−1/2
and the hannel radius rc=3.0 fm. It
follows from here that in reality the values of the ANC's, C1 3/2 and C1 1/2, should not be equal.
Moreover, the alulation shows that the asymptoti behavior of the bound (α+3He) state and
3Heα-sattering wave funtions is reahed, as it was mentioned above, simultaneously only at
rc & 5.0 fm and, so, at rc ≥ 3.0 fm their substitution for these wave funtions in the external
part of the amplitude in Ref.[11℄ is not orret.
2.3 α-partile spetrosopi fators for the mirror (7Li7Be)-pair
The ”indiretly measured“ values of the ANC's for
3He+α→7 Be obtained in the present work
and those for α + t →7 Li dedued in Ref.[24℄ an be used for obtaining information on the
ratio RZ;jf = Z1jf (
7Be)/Z1jf (
7Li) for the virtual α deays of the bound mirror (7Li7Be) -pair,
where Z1jf (
7Be)(Z1jf (
7Li)) is the spetrosopi fator for 7Be (7Li) in the (α +3 He)((α + t))-
onguration. For this aim we an easily derive the following from Eq.(3)
RZ; jf =
RC; jf
RC(sp); jf
, (13)
where RC; jf =
(
C1 jf (
7Be)/C1 jf (
7Li)
)2
(RC(sp); jf =
(
C
(sp)
1 jf
(7Be)/C
(sp)
1 jf
(7Li)
)2
) is the ratio of
squares of the ANC's (single-partile ANC's) for the bound mirror (
7Li7Be)-pair and jf=3/2(1/2)
for the ground (rst exited) state of the mirror nulei. It should be noted that in Eq.(13) by
using the values of the ANC's for the t+α→7 Li and 3He+α→7 Be obtained in Ref.[24℄ and in
the present work, respetively, one an verify a validity of the approximation (RC;jf ≈ RC(sp); jf ,
i.e., RZ; jf ≈ 1) used in Refs.[34, 35℄ for the mirror (7Li7Be) onjugated α deays. For the
bound (rst exited) state of the mirror (
7Li7Be)-pair the ratio RC(sp); 3/2 (RC(sp); 1/2) hanges
by only about 1.5%(6%) under the variation of the geometri parameters (ro and a) of the
adopted WoodsSaxon potential [29, 30℄ within the aforesaid ranges. The ratios are equal to
RC(sp); 3/2=1.37± 0.02 and RC(sp); 1/2=1.40± 0.09. These ratios an be determined by using the
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values of the single-partile ANC's for the mirror (
7Li7Be)-pair obtained in the present work and
dedued in Ref.[24℄. The ratios for the ANC's are RC; 3/2=1.85± 0.11 and RC; 1/2=1.75± 0.10.
From (13) the values of the ratio RZ; jf are equal to RZ; 3/2=1.35± 0.08 and RZ; 1/2=1.25± 0.11
for the ground and the rst exited states, respetively. These values dier notieably from
those of RZ; 3/2=0.995±0.005 and RZ; 1/2=0.99 alulated in Ref.[35℄ within the mirosopi
luster model. One of the reasons of these dierenes an be assoiated with the aforesaid
approximation used in Ref.[35℄, whih is hardly valid for the mirror (
7Li7Be)-pair [36℄.
Thus, as it is seen from here that, in fat, the magnitudes of RZ; jf dier notieably from
unity both for the ground state and for the rst exited state of the mirror (
7Li7Be) -pair.
2.4 Astrophysial S-fator for the 3He(α, γ)7Be reation at solar ener-
gies
The equation (8) and the weighted means of the ANC's obtained for the
3He+α→7 Be(g.s)
and
3He + α →7 Be(0.429 MeV) an be used for alulating the 3He(α, γ)7Be astrophysial S-
fator for apture to the ground and rst exited states as well as the total astrophysial
S-fator at solar energies (E ≤ 25 keV). At rst, we tested again the fullment of the ondition
(5) in the same way as it is done above for E ≥ 90 keV. Similar results plotted in Fig.1 are
also observed for the Rlf jf (E,C(sp)lf jf ) funtion dependene on the single-partile ANC, C
(sp)
lf jf
, at
energies of E < 90 keV.
The astrophysial S-fators for the 3He(α, γ)7Be(g.s.) and 3He(α, γ)7Be(0.429 MeV) rea-
tions are displayed in Figs.7 and 8, respetively, as well as presented in Table 1. In Figs.7a and
8a, the opened diamond and triangle symbols show our result obtained from the analysis of the
total experimental astrophysial S-fators of [7-9℄ and [6℄ by using the orresponding values of
the ANC's for eah energy E experimental point presented in Table 1. In Figs.7 and 8 (a,b and
c) the experimental data plotted by the lled irle symbols (lled star and square symbols)
are taken from [9℄ (from [10℄). The symbols in Figs.7d and 8d are data of all experiments [9, 10℄
and our ones. The opened irle symbols in these gures are the results of the extrapolation
reommended in the present work. The solid lines present our alulations performed with
the standard values of geometri parameters ro=1.80 fm and a=0.70 fm both for the bound
(α+3He) state and for 3Heα-sattering state. Everywhere the width of eah of the band is the
weighted unertainty, whih inludes the unertainties in the ”indiretly measured“ values of
ANC's and the aforesaid unertainty in the Rlf jf (E,C(sp)lf jf ).
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Figure 7: The astrophysial S - fators for the 3He(α, γ)7Be(g.s.)((lf , jf )=(1,3/2)) reation. The
opened diamond and triangle symbols (a) are our result separated from the total experimental
astrophysial S-fators of Refs.[7-9℄ and [6℄, respetively. The lled irle symbols (lled star
and square symbols) are experimental data of Ref.[9℄ (Ref.[10℄, the ativation (b) and the
prompt (c)). The opened irle symbols are our results of the extrapolation. The symbols in d
are data of all experiments [9, 10℄ and the present work. The solid lines present our alulations
performed with the standard values of geometri parameters ro=1.80 fm and a=0.70 fm both
for the bound (α +3 He) state and for 3Heα-sattering state. Everywhere the width of eah of
the band is the weighted unertainty.
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Figure 8: The same as Fig.7 for the
3He(α, γ)7Be(0.429 MeV)((lf , jf)=(1,1/2))reation.
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Table 1: The ”indiretly measured“ values of the asymptoti normalization onstants ( (C
exp
13/2)
2
and (Cexp11/2)
2
) for
3He+α→7
Be, the experimental astrophysial S-fators (Sexp1jf and S
exp
34 (E)) and branhing ratio (R
exp(E)) at dierent energies E.
E (Cexp1 jf )
2 Sexp1 jf S
exp
34 (E) R
exp(E)
(keV) (fm
−1) (keV b) (keV b)
jf=3/2 jf=1/2 jf=3/2 jf=1/2
92.9 22.02±1.84 14.04±1.16 0.387±0.03[9℄ 0.147±0.012[9℄ 0.534±0.023[9℄ 0.380±0.03[9℄
93.3 21.41±1.38 14.66±0.94 0.374±0.02 0.153±0.009 0.527±0.03[9℄ 0.409±0.03
105.6 20.95±1.79 14.55±1.21 0.365±0.03[9℄ 0.151±0.012[9℄ 0.516±0.03[9℄ 0.415±0.03[9℄
106.1 21.23±1.28 14.55±0.88 0.368±0.02 0.150±0.009 0.518±0.03[9℄ 0.408±0.02
126.5 21.23±0.87 14.58±0.59 0.365±0.01 0.149±0.006 0.514±0.02[7℄ 0.408±0.02
147.7 20.84±1.13 14.60±0.74 0.352±0.02[9℄ 0.147±0.007[9℄ 0.499±0.02[9℄ 0.417±0.02[9℄
168.9 20.57±0.81 14.09±0.55 0.343±0.01 0.139±0.006 0.482±0.02[7℄ 0.405±0.02
170.1 21.90±1.21 15.00±0.83 0.362±0.02 0.148±0.008 0.510±0.02[9℄ 0.409±0.03
420.0 21.41±1.67 14.66±1.14 0.297±0.02 0.123±0.009 0.420±0.03[6℄ 0.414±0.05
506.0 20.91±1.88 14.32±1.29 0.266±0.02 0.113±0.010 0.379±0.03[6℄ 0.424±0.05
615.0 21.50±1.35 14.73±0.92 0.254±0.02 0.108±0.006 0.362±0.02[6℄ 0.425±0.04
951.0 22.74±1.21 15.58±0.83 0.220±0.01 0.096±0.005 0.316±0.01[6℄ 0.436±0.03
1
9
The results for the total astrophysial S-fator S34(E) and the branhing ratio for the rea-
tion under onsideration are presented by Figs.9 and 10, respetively. The opened irle symbols
in Figs.9 are our result of extrapolation in whih eah of the quoted unertainties is the a.s.e.,
whih involves the unertainties both for the ANC's adopted and that in Rlf jf (E,C(sp)lf jf ). The
solid lines and the width of eah of the band are the same as in Figs.7 and 8. As it is seen
from Fig.9, the equation (8) allows us to perform a orret extrapolation of the orrespond-
ing astrophysial S-fators at solar energies when the orresponding ANC-values are known.
In partiular, the values of the total astrophysial S-fator S34(E) at solar energies are pre-
sented in Table 2, and those reommended by us are S34(0) = 0.610± 0.037 keV b and S34(23
keV)=0.599± 0.036 keV b2.
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Figure 9: The same as Fig.7 for the
3He(α, γ)7Be(g.s.+0.429 MeV) reation.
2
The energy of E=23 keV orresponds to the Gamow one.
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Figure 10: The branhing ratio. The lled square, opened irle and square symbols are
experimental data taken from Refs.[37℄, [9℄ and [10℄, respetively, and the opened triangle
symbols are our results. The straight line and width of band are our results for the weighted
mean and its unertainty, respetively.
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Table 2: The weighted means of the ANC-values (Cexp)2 for 3He + α →7 Be, NVC's | G |2exp and the alulated values of
S3 4(E) at energies E=0 and 23 keV
Exp. (Cexp1 3/2)
2
, fm
−1 | G1 3/2 |2exp, fm (Cexp1 1/2)2, fm−1 | G1 1/2 |2exp, fm S3 4(0), keV b S3 4(23 keV), keV b
[10℄(the ativation) 23.98±0.82 1.14±0.04 16.25±0.62 0.77±0.03 0.630±0.022 0.619±0.022
[10℄(the prompt) 23.72±1.01 1.13±0.05 16.09±0.94 0.76±0.05 0.624±0.029 0.612±0.019
[6, 7, 9℄ 21.31±0.61 1.06±0.03 14.59±0.40 0.69±0.02 0.562±0.016 0.552±0.015
[6, 7, 9, 10℄ 23.19±1.37 1.11±0.07 15.73±1.02 0.75±0.05 0.610±0.037 0.599±0.036
2
2
Comparison of our results with those of the authors of Refs.[18℄ and [17℄ shows that a
notieable disrepany between the present results and those of Refs.[18, 17℄ ours. This
irumstane is apparently onneted with the underestimated value of C21 3/2 and C
2
1 1/2 (or
|G1 3/2|2 and |G1 1/2|2) obtained in Ref.[18, 17℄ in respet to our result. However, our result is
also in a good agreement with that reommended in Refs.[4,610℄ and diers slightly from that
reommended in Refs.[11, 6℄ (S34(0)=0.51±0.04 keV b [11℄ and 0.53 keV b [6℄).
Besides, we observe that the value of S34(0)= 0.56 keV b [13℄ obtained within the miro-
sopial (α +3 He)-luster approah is also in agreement with our result about 1.4σ level. It
follows from here that the mutual agreement between the results obtained in the present work
and in [13℄, whih is based on the ommon approximation about the luster (α+3He) struture
of the
7Be, allows one to draw a onlusion about the dominant ontribution of the (α +3 He)
lusterization to the low-energy
3He(α, γ)7Be ross setion both in the absolute normalization
and in the energy dependene [610℄. Therefore, single-hannel (α +3 He) approximation for
7Be [13℄ is quite appropriate for this reation in the onsidered energy range.
One notes also that the ratios of the ”indiretly measured“ astrophysial S-fators, S1 3/2(0)
and S1 1/2(0), for the
3He(α, γ)7Be reation populating to the ground and rst exited states
obtained in the present work to those for the mirror t(α, γ)7Li reation populating to the ground
and rst exited states dedued in Ref.[24℄ are equal to R
(g.s.)
S =6.4±0.8 and R(exc.s.)S =6.1±0.7,
respetively. These values are in a good agreement with those of R
(g.s.)
S =6.6 and R
(exc)
S =5.9
dedued in Ref.[35℄ within the mirosopi luster model.
Fig.10 shows a omparison between the branhing ratioRexp(E) obtained in the present work
(the opened triangle symbols) and that reommended in Refs.[37℄ (the lled square symbols),
in [9℄ (the opened irles) and [10℄ (the opened squares ). There the solid line and the width
of the band present the weighted mean R¯exp of the Rexp(E) (the opened triangle symbols) and
the weighted unertainty obtained by us, respetively, whih is equal to R¯exp=0.41± 0.01. As
it is seen from Fig.10, the branhing ratio obtained in the present work and in [7, 10℄ is in a
good agreement with that reommended in Ref.[37℄ although the underestimation ours for
the Sexp34 (E) obtained in Ref.[37℄. Suh a good agreement between two of the experimental data
for the Rexp(E) an apparently be explained by the fat that there is a redution fator in [37℄,
being overall for the
3He(α, γ)7Be(g.s.) and 3He(α, γ)7Be(0.429 MeV) astrophysial S-fators.
The present result for R¯exp is in a good agreement with those of 043± 0.02 [37℄ and 0.43 [15, 38℄
but is notieably larger than 0.37 [17℄ and 0.32± 0.01 [39℄.
Thus, it follows from here that the overall normalization of the astrophysial S-fators at
extremely low energies for the reations under onsideration is mainly determined by the ANC
- values for the
3He+α→7 Be(g.s.) and 3He+α→7 Be(0.429 MeV), whih an be determined
rather well from the model independent analysis of the preise experimental astrophysial S-
fator [610℄, and the values of the ANC's allow us to perform orret extrapolation of the
astrophysial S-fators for the diret radiative apture 3He(α, γ)7Be reation at solar ener-
gies, inluding E=0, and to predit the separated experimental astrophysial S-fators for the
3He(α, γ)7Be(g.s.) and 3He(α, γ)7Be(0.429 MeV) reations at low experimentally aeptable
energy regions (126.5≤ E≤ 951 keV) obtained by using the total experimental astrophysial
S-fators measured in Refs.[69℄.
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3 Conlusion
The analysis of the experimental astrophysial S-fators, Sexp34 (E), for the
3He(α, γ)7Be re-
ation, whih were preisely measured at energies E=92.9-1235 keV [610℄, has been performed
within the modied two-body potential approah proposed reently in Ref.[24℄. The srupulous
quantitative analysis shows that the
3He(α, γ)7Be reation within the onsidered energy ranges
is peripheral and the parameterization of the diret astrophysial S-fators in terms of ANC's
for the
3He+α→7 Be is adequate to the physis of the peripheral reation under onsideration.
It is demonstrated that the experimental astrophysial S-fators of the reation under on-
sideration measured in the aforesaid energy region an be used as an independent soure of
getting the information about the ANC's (or NVC's) for
3He+ α→7 Be. The weighted means
of the ANC's (NVC's) for
3He + α →7 Be are obtained. They have to be (Cexp1 3/2)2=23.19±
1.37 fm
−1
and (Cexp1 1/2)
2
=15.73± 1.02 fm−1 for 3He + α →7 Be(g.s) and 3He + α →7 Be(0.429
MeV), respetively. The orresponding values of the NVC's are | G1 3/2 |2= 1.11± 0.07 fm and
| G1 1/2 |2= 0.75± 0.05 fm. The unertainty in the ANC (NVC )-values inludes the experimen-
tal errors for the experimental astrophysial S-fators, Sexp34 (E), and that of the used approah.
Besides, the values of ANC's were used for getting the information about the α-partile spe-
trosopi fators for the mirror (
7Li7Be)-pair.
The obtained values of the ANC's were also used for obtaining the experimental
3He(α, γ)7Be
astrophysial S-fators for apture to the ground and rst exited states, the branhing ratio
at the six experimental points of energy E (E ≥ 126.5 keV) [69℄ and for their extrapolation
at energies less than 90 keV, inluding E=0. In partiular, for the weighted mean of the
branhing ratio R¯exp and the total astrophysial S-fator S34(0) the values of R¯
exp
=0.41± 0.01
and S34(0) = 0.610 ± 0.037 keV b have been obtained, respetively. The latter is notieably
larger than the result of S34(0)=0.507± 0.016 keV b , dedued in Ref.[4℄ from the measurements
of apture γ ray, and is in an agreement with those of S34(0)=0.572± 0.026 keV b [4℄, dedued
in Ref.[4℄ from the measurements of
7Be ativity, and S34(0)=0.56 keV [13℄ obtained within the
mirosopial (α +3 He)-luster model.
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